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Abstract

The cytosolic enzyme, thiopurine methyltransferase (TPMT) catalyzes the S-
methylation of aromatic and heterocyclic sulfhydryl compounds such as 6-mercaptopurine.
Genetic regulation of TPMT activity is associated with large interindividual variations in
thiopurine toxicity and efficacy. Assessment of TPMP genotype/phenotype will increase
rational outcome of individual drug therapy. In the present investigation, TPMT activity was
measured by the radiochemical assay from blood samples of 539 randomly selected Thai
subjects. The genetic polymorphism of TPMT was trimodal distribution, TPMT activity
ranged from 0 - 23.5 Units/ml RBC with the average of 6.91 + 3.68 Units/ml RBC. Most of
the That subjects were intermediate metabolizers (95.35 %), followed by high (3.75 %) and
low (0.93%) metabolizers. Gender, blood groups and smoking had no effect on TPMT
activity.
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Introduction

The cytosolic enzyme, thiopurine
methyltransferase (TPMT, EC 2.1.1.67)
catalyzes S-methylation of aromatic and
heterocyclic sulthydryl compounds such
as anticancer drugs 6-mercaptopurine, 6-
thioguanine and  immunosuppressant
azathioprine'*’. TPMT activity exhibits
genetic polymorphism, in white subject
approximately 90 % are homozygous with
high activity, 11 % are heterozygous with
intermediate activity and 1 in 300
individuals inherit TPMT deficiency as an
autosomal recessive triat'”. This common
genetic polymorphism is responsible for
interindividual variations in thiopurine
toxicity and therapeutic efficacy®. Patients
with fow TPMT activity develop severe
myelosuppression with standard doses of
these drugs while patients with high
TPMT activity are undertreated’.

The active gene of TPMT is located
on chromosome 6 with approximately 34
kb in length and consisted of ten exons
and nine infrons. The wild type allele is
TPMT*1. At least § mutant alleles have
been identified for low enzyme activity.
These mutant alleles have interethnic
variability with different frequency and
pattern.  In Chinese, West African,
Kenyan and Japanese the mutant allele is
TPMT*3C. TPMT*3A is found in
Caucasian and South-West Asian and
TPMT*6 in Korean®*. All mutant alleles
in South East Asian are now identified as
TPMT*3C".

TPMT activity is normally detected
in red blood cells, showing high
correlation with relative TPMT levels in
other tissues or cells including kidney,
liver, lymphocytes and leukemic blast
cells*'»". The radiochemical assay by
Weinshilboum et al’ is a well known
method in determining TPMT activity.
The product of S-methylation, 6-methyl-
mercaptopurine is measured using 6-
mercaptopurine as substrate and S-adeno-
sylmethionine (SAM) as the methyi donor.
One unit of enzyme activity represents the
formation of 6-methylmercaptopurine in
nanomoles per one milliliter of red blood
celis™*.
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There is very little information
about TPMT activity in Thai population.
Therefore the frequency of TPMT pheno-
type was studied in  the present
investigation.

Material and method
Subjects

A total of 539 blood samples from
healthy blood donors at National Blood
Center, That Red Cross Society were used
for TPMT activity study. The exclusion
criteria were hepatic, renal and other
chronic discases. The demographic data
was collected from each blood donor
including sex, age, blood group,
smoker/non-smoker, and current medical
problems.

Blood samples: preparation of
lysates

Samples were prepared as pre-
viously described by Weinshilboum et al’.
Aliquot of 3 mi whole blood collected in
heparinized tube was centrifuged at 800g
for 10 min at 4°C to isolate red cells.
Plasma, leukocytes and the upper layer of
erythrocytes were removed. After
washing the pellet twice with 1.8 ml 0.9%
normal saline and centrifugation for 10
min at 800g, supernatant was discarded,
4.8 ml iced cold water was added to the
pellet to lyse the red cells. Erythrocyte
lysate was centrifuged at 13,000g for 10
min at 4°C. The supernatant was kept at
-80°C until analysis.

TPMT assay

Potassium phosphate buffer, 25ul
(150 mM, pH 7.5) and either 5 pui of 6-
mercaptopurine (18 mg/ml in DMSO) or 5
ul of DMSQO were added to 100 pl aliquot
of erythrocyte lysate. The reaction was
initiated by adding 25 pl of a freshly
prepared cocktail containing "C-methio-
nine 12.5 x 10 M, non-reactive S-ade-
nosy-L-methionine HCI 12.5 x 10°° M, di-
thiotreitol 107 M and allopurinof 5 x 10~
M. The reaction mixture was incubated
and gently shaken for 1 h at 37°C in a
shaker water bath., To terminate the
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reaction, 0.5 ml boric acid buffer, pH 10
and 5 ml of 20% isoamyl alcohol in
toluene were added.  After vigorous
agitation for 10 seconds, the mixture was
centrifuged at 700g for 10 min at 4°C. A
3.5 ml aliquot of the supernatant (organic
phase) was added to the scintillation
counting vial, to which containing 1 ml of
absolute ethanol and 10 ml of toluene
fluor. Radioactivity in the scintillation
vials were counted in the scintillation
counter for 10 min. The TPMT activity
was expressed as nanomoles of 6-
methy!mercaptopurine formed per hour
per ml of packed red cells (hematocrit) or
Units/m] RBC.

Statistical analysis

Data was presented as mean + SD.
Probit analysis was used for frequency
distribution, Data comparison was tested
by one way ANOVA using Duncan’s New
Multiple Range test.

Result

The correlation between experiment
was carried out using same reference
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enzyme together with other test samples.
The average TPMT activity between
experiment of the reference enzyme was
6.54 + 0.24 Units/ml RBC with C.V. of
3.7%.

TPMT activity was studied from
539 blood samples of healthy 438 men and
101 women with age range 17-64 years
(average 35.5 years). Enzyme activity
varied from 0 to 23.5 Units/ml RBC. The
mean value was 6.91 + 3.68 Units/ml
RBC. There were no differences of
TPMT activity in different gender, blood
groups or smoker/non-smoker (Table 1).

The distribution of TPMT activity
was trimodal (Fig. 1). With probit
analysis (Fig. 2) the high enzyme activity
were 16.7-23.5 Units/m] RBC, accounted
for 3.72% of population studied, while
9535% carried intermediate enzyme
activity ranging from 1.3 to 16.6 Units/ml
RBC and 0.93 % with low enzyme activity
of 0-1.2 Units/mi RBC.

Table 1 TPMT activity from 539 healthy blood donors with age range 17-64 years

(average 35.5 years)

TPMT activity*(Units/ml RBC)

Demographic data Numbers
Average Maximum  Minimum

Sex: Men 438 6.93 +3.55 23.53 0.00
Women 101 691 +4.11 22.30 0.15
Blood groups: A 88 6.80+3.76 19.78 0.00
B 177 6.73 +3.59 22.32 0.14
O 257 7.10+3.78 23.53 0.12
AB 17 6.24 +2.66 13.23 1.00
Smoking: Smoker 42 6.67+4.21 2227 0.13
Non-smoker 497 6.93 +3.62 22.53 0.00
Total subjects 539 691 +3.68 23.53 0.00

* Mean + SD
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Figure 1 The relationship between frequency and TPMT activity in Thai population
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Figure 2 Probit graph of the relfationship between frequency and TPMT
activity in Thai population..
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Discussion and conclusion

From present investigation, most of
Thai carried intermediate TPMT activity
which means that Thai may be prone to
thiopurine toxicity, especiaily children
treating with 6-mercaptopurine in acute
fymphoblastic leukemia. Determination of
TPMT genotype/phenotype before
antileukemic therapy may be practical and
may have clinical relevance.

Frequency of TPMT genotype in
Thai children with acute leukemia (75
patients)' and 200 healthy Northeastern
Thai subjects'”” reported io be the same as
Caucasian population. The variant allele
was TPMT*3C.

Therefore the correlation between
genotype and phenotype assessment in
Thai population should be performed to
verify the use of either TPMT genotype or
phenotype in minimizing toxicity and
maximizing efficacy of thiopurine drug
therapy.
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